Objective: Hypothalamic-pituitary-adrenal axis reactivity to acute stimulation is frequently assessed by repeated sampling of salivary cortisol. Researchers often strive to distinguish between individuals who show (responders) and those do not show (nonresponders) cortisol responses. For this, fixed threshold classification criteria, such as a 2.5-nmol/l baseline-to-peak increase, are frequently used. However, the performance of such criteria has not been systematically evaluated. Methods: Repeated salivary cortisol data from 504 participants exposed to either the Trier Social Stress Test (TSST; n = 309) or a placebo protocol (n = 195) were used for analyses. To obtain appropriate classifications of cortisol responders versus nonresponders, a physiologically plausible, autoregressive latent trajectory (ALT) mixture model was fitted to these data. Response classifications according to the ALT model and information on the experimental protocol (TSST versus placebo TSST) were then used to evaluate the performance of different proposed classifier proxies by receiver operating characteristics. Results: Moment structure of cortisol time series was adequately accounted for by the proposed ALT model. The commonly used 2.5-nmol/l criterion was found to be overly conservative, resulting in a high rate of 16.5% falsenegative classifications. Lowering this criterion to 1.5 nmol/l or using a percentage baseline-to-peak increase of 15.5% as a threshold yielded improved performance (39.3% and 26.7% less misclassifications, respectively). Conclusions: Alternative classification proxies (1.5 nmol/l or 15.5% increase) are able to effectively distinguish between cortisol responders and nonresponders and should be used in future research, whenever statistical response class allocation is not feasible. Key words: salivary cortisol, psychosocial stress, response criterion, nonresponder, growth mixture modeling, law of initial value. ALT = autoregressive latent trajectory; HPA = hypothalamic-pituitaryadrenal; LIV = law of initial value; rBPi = baseline-to-peak increase, calculated from raw concentrations; tBPi = baseline-to-peak increase, calculated from log-transformed concentrations; TSST = Trier Social Stress Test; %BPi = percentage increase of concentration from baseline to peak.
INTRODUCTION
A ctivity of the neuroendocrine hypothalamic-pituitary-adrenal (HPA) axis, leading to the secretion of cortisol, is frequently assessed in psychosomatic medicine and biobehavioral research. A particular focus is often on the HPA reactivity to acute stimulation, which has been linked to a wide range of mental health conditions (1Y4). On a practical level, HPA reactivity is typically assessed by using repeated salivary cortisol sampling during exposure to a standardized laboratory stress induction protocol, such as the Trier Social Stress Test (TSST) (5) . Although this overall experimental approach is well established, some important methodological questions remain to be solved. Specifically, a frequently encountered problem concerns the reliable detection of a minimal salivary cortisol stress response on the individual level. This is an important methodological prerequisite, given that researchers often strive to distinguish between stress ''responders'' and ''nonresponders'' to describe the overall effectiveness of stress induction (5Y7), to restrict analyses to responder groups (8) , or to use response status as an actual outcome variable (2, 9) .
A necessary requirement for this is the availability of a clearly defined criterion marking a salivary cortisol stress response. Given that cortisol is secreted in a pulsatile fashion (10, 11) , the establishment of such a criterion is closely linked to knowledge about cortisol secretory episodes. Following this line of reasoning, Kirschbaum et al. (12) and Wüst et al. (13) drew on early data showing that a typical secretory episode elevates total plasma cortisol levels by at least 55.2 nmol/l (14) and that that salivary cortisol levels comprise 2% to 5% of plasma cortisol levels. Combining these data, they reasoned that a 2.5-nmol/l salivary cortisol increase should constitute a conservative classification criterion for the presence of a secretory episode (12, 13) . This criterion has provided a very helpful proxy and has been widely applied in HPA axisYrelated research (e.g., Refs. (2,6,7,15Y17)). However, to the best of our knowledge, fixed threshold response criteria have not been directly evaluated yet. Such an evaluation seems necessary given that prerequisites for this criterion (i.e., the amplitude of plasma cortisol pulses and the plasma-to-salivary cortisol ratio) are arbitrarily defined and, more importantly, given that other findings question the adequacy of threshold criteria, such as the 2.5-nmol/l increase.
Arguments against fixed threshold criteria particularly relate to measurement variation between assays (18) and to the fact that the magnitude of a cortisol stress response is also related to previous or concurrent endogenous ultradian cortisol pulsatility. Importantly, because the size of stress-induced glucocorticoid pulses in humans (in contrast to rodents) is similar to those of regular ultradian pulses (10) , an observed cortisol increase after stress could also be caused by a recent stress-unrelated ultradian pulses. Furthermore, following the law of initial value 1 (LIV; see Ref. (20)), the absolute magnitude of a stress-induced cortisol increase is likely to be inversely related to the cortisol concentration before stress (i.e., the baseline 2 ). Physiologically, this may be caused by salivary cortisol decaying exponentially (i.e., a greater elimination rate at higher concentrations; Refs. (21, 22) ) as well as stronger negative feedback control of the HPA axis at higher baseline levels (cf. Ref. (23) ). This assumed the dependence of the stress-induced baseline-to-peak cortisol increase on the temporal proximity of the stress-preceding secretory pulse, as depicted in Figure 1 . This is further supported by findings showing that cortisol pulse amplitudes become smaller the closer a pulse is to the prior one (24) (see also Ref. (25) ).
Considering these potential shortcomings of absolute threshold criteria, the present study had two major objectives. First, we set out to provide a physiologically plausible, statistical model for cortisol stress responses using an autoregressive latent trajectory (ALT) (26) structural equation modeling framework. Second, we used the response classifications derived from the ALT model to evaluate the use of several proposed classifier proxies that are suitable for the use in research routines investigating stress-induced HPA axis reactivity by means of panel designs. These classifiers included a) the raw baseline-to-peak increase (rBPi) (12, 13) , b) the percentage baseline-to-peak increase (%BPi) (e.g., Ref. 25)), and c) the baseline-to-peak increase being calculated from log-transformed cortisol levels (tBPi). In addition, given the assumed dependence of the cortisol responsivity on baseline levels (19) , we also examined the use of d) baseline-to-peak increases adjusted for initial cortisol levels.
METHODS

Participants and Data Set
Salivary cortisol data were merged from previously published (27Y30) and unpublished studies that had been conducted between January 2011 and October 2012. This resulted in data from a total sample of 504 healthy participants. At the time of study, all participants were aged between 18 and 65 years and had a body mass index less than 30 kg/m 2 . Participants did not report smoking, intake of prescribed medication, or use of hormonal contraceptives (in women). All studies were conducted in accordance with the Declaration of Helsinki and approved by the local ethics committee.
Procedure
Three hundred nine participants were exposed to the TSST (5), a wellestablished protocol to induce psychosocial stress in laboratory settings. The remaining 195 participants completed the placebo version of the TSST, which involves a comparable procedure that is stripped of any stress-inducing components (8) . All test sessions were conducted in the afternoon and involved saliva sampling using Salivette devices (Sarstedt, Nü mbrecht, Germany). In each study, saliva was sampled at j6 minutes (t 0 ), +16 minutes (t 1 ), +25 minutes (t 2 ), +35 minutes (t 3 ), +45 minutes (t 4 ), and +55 minutes (t 5 ; planned missingness in one study, n = 117), relative to the onset of the TSST/placebo TSST.
Biochemical Analyses
Salivary cortisol was determined at the TUD Biopsychology Laboratory, Dresden, using a commercially available chemiluminescence immunoassay (IBL, Hamburg, Germany), which was conducted according to the protocols provided by the manufacturer. The assay had an operational range between 0.50 and 110.40 nmol/l, and interassay and intra-assay coefficients of variation were 8.4% and 4.6%, respectively. Figure 1 . Illustration of the relation between baseline-to-peak distance and lag between the onset times of two adjacent cortisol pulses. A, Two adjacent cortisol pulses whose onset times differ by 40 minutes. The solid line represents a stress-preceding secretory pulse (onset: t 0 j 40 minutes), whereas the dashed line indicates a stress-induced pulse (onset: t 0 ). Both pulses are modeled having an identical amplitude (salivary cortisol released per pulse , 10 nmol/l). Cortisol response classification criteria are subject to the distance d between cortisol at baseline (t 0 ) and peak. B, Progression of this distance conditional on the onset time (relative to t 0 ) of a stress-preceding cortisol pulse. The solid circle would mark the expected mean (T95% of intersecretory pulse intervals), if the pulse at t 0 was not stress induced but by ''regular'' ultradian HPA activity (24) . HPA = hypothalamic-pituitary-adrenal.
Statistical Analyses
Before statistical modeling, data were log e transformed to reduce exponential growth of measurement error and to linearize first-order kinetics (i.e., the exponential decay of cortisol) (31, 32) . Log e -transformed data reasonably approximated multivariate normality of cortisol concentrations as indicated by W 2 quantile plots of ordered Mahalanobis distances (33) . Owing to the missing data (1.2%) that were assumed to be missing at random, we estimated model parameters applying full information maximum likelihood numerical integration. All analyses were performed using Mplus (34) and the ROCR package (35) In the main analyses, we first set out to specify an ALT model (26) that is depicted by the solid lines in Figure 2 . The model ascribes mean and (co)variance structure of the cortisol data by three features: a) cortisol levels at baseline (t 0 ), b) amplitudes of the stress-induced cortisol pulses, and c) continuous cortisol elimination. In contrast to conventional growth curve models, the pulse factor loadings L 2 , L 3 , L 4 , and L 5 were freely estimated to depict the shape of cortisol secretion adequately (latent time scaling). Cortisol elimination was accounted for by autoregressions A t being defined as the product of time lags between adjacent sampling points $t = {2.2, 0.9, 1.0, 1.0, 1.0} and a time-invariant autoregression parameter T (i.e., A t = $t * T). Model fit was evaluated by robust Yuan-Bentlerscaled W 2 statistics (37) and the following fit indices (see Ref. (38)): comparative fit index, root mean square error of approximation, and square root mean residual.
In the second step, mixture modeling (39) was implemented according to the hypothesis that a conceivable class of cortisol nonresponders would exhibit a zero mean and no variance on the pulse factor (i.e., K pulse,2 = R 2 pulse,2,j = 0). Incremental model fit of such a two-class solution was evaluated by using the Vuong-Lo-Mendell-Rubin likelihood ratio test (40) , parametric bootstrapping (41) , and the sample sizeYadjusted Bayesian information criterion (SABIC; see Ref. (42)). Furthermore, a multigroup analysis was conducted by entering a known-class variable experimental intervention to investigate if pulse amplitudes of cortisol responders would differ between the TSST and the placebo TSST group (see dashed lines in Fig. 2 ). Differences between mean trajectories of individual time series were assessed by mixed-effects analysis of variance.
Proceeding from the estimated model-based classification patterns, we finally constructed receiver operating characteristics (43) for all change score classifiers (baseline-to-peak increases) proposed in ''Introduction.'' Hence, in this step, the responder/nonresponder allocation based on the model was compared against allocation based on the individual classifiers (correct prediction, false negatives, false positives). In accordance with Dickerson and Kemeny (44) , who stated that cortisol levels peak between 21 and 40 minutes after stress onset, cortisol at t 0 and t 2 were defined as baseline and peak levels, respectively. Classifier adjustment for baseline levels, which is necessary on the presence of the LIV (45, 46) , was carried out by extraction of residuals from linear regression models predicting the respective change score by baseline levels. Optimal cutoff values for continuous classifiers were defined as the point that minimizes the tradeoff between sensitivity and specificity of response classification, that is, the Youden index J (47,48).
RESULTS
Descriptive Statistics and Change Score Adjustments
Medians and interquartile ranges (IQRs) of salivary cortisol data and calculated change scores are reported in Table 1 . R. MILLER et al. Table S1 Supplemental Digital Content 2, http://links.lww. com/PSYMED/A86) lists the means and standard deviations of log e -scaled cortisol concentrations for all subsamples, separated by experimental intervention. The median cortisol increase from baseline (t 0 ) to peak (t 2 ) in the TSST and the placebo TSST group amounted to 8.12 nmol/l (IQR = 10.99) and j0.27 nmol/l (IQR = 3.76), respectively. The latter suggested that a substantial fraction of subjects in the placebo group showed an increase of salivary cortisol concentrations. Furthermore, descriptive analysis showed that all change scores, that is, the rBPi, the tBPi, and the %BPi, exhibited positive skewness. Such violations of normality might indicate a mixture of distributions (i.e., the simultaneous presence of cortisol responses and nonresponses).
A significant inverse correlation was found between cortisol at t 0 and tBPi, as well as %BPi (see Fig. 3 : both Q values = j0.31, p G .001). This effect was even more pronounced when restricting analyses to TSST sessions (Q values = j0.45, p G .001). By contrast, cortisol at baseline (t 0 ) was not found to be related to rBPi scores (Q = j0.03, p = .53). Thus, baseline adjustments were carried out only for tBPi and %BPi but not for rBPi scores. The regression models used for baseline adjustments are shown in formulae I and II. Adjusted change score variants shall be denoted as tBPi a and %BPi a . In both cases, cortisol levels at t 0 predicted a highly significant amount of change score variance Table 1 ).
Separation of cortisol responders and nonresponders by latent mixture modeling improved the data fit significantly, as indicated by the Vuong-Lo-Mendell-Rubin likelihood ratio statistic (2LR = 974.05, p G .05), parametric bootstrapping ( p G .001), and a substantially increased model generalizability (SABIC = 528.31; $SABIC = 28.02). Loadings of the cortisol pulse factor in the responder class were similar to those in the one-class ALT model. Factor loadings indicated a decreasing effect of the cortisol pulse factor from earlier to later sampling points (L 2 = 0.53, L 3 = 0.10, L 4 = j0.08, L 5 = j0.09; all p values e .006). Furthermore, we observed a significant negative correlation between cortisol concentrations at t 0 and the cortisol pulse factor (r = j0.33, p G .001). The autoregressive parameter, used to account for continuous cortisol elimination, indicated a significant decrease of cortisol levels across time (T = 0.95, p G .001). Table S2 (Supplemental Digital Content 2, http://links.lww.com/PSYMED/A86) lists parameter estimates and model fits of all used ALT (mixture) models. Variance coverage for t 1 -t 5 cortisol samples was equal or larger than R 2 = 85% in both response classes. Introducing experimental protocol as a known-class variable yielded responder rates of 86.7% for the TSST group and of 37.4% for the placebo TSST group. Formal testing for different cortisol trajectories between responders to both protocols revealed a strong interaction between sampling point and experimental protocol (F(5,335) = 51.07, p G .001). Because (according to the underlying model) the mean of cortisol pulse amplitudes was not allowed to vary between protocols, rBPi = baseline-to-peak increase, calculated from raw concentrations; %BPi = percentage increase of concentration from baseline to peak; tBPi = baseline-to-peak increase, calculated from log-transformed concentrations; TSST = Trier Social Stress Test. All values t i refer to cortisol concentrations scaled in nanomoles per liter. %BPi scores are reported in percent.
CRITERIA FOR THE DETECTION OF CORTISOL PULSES
this interaction is likely to reflect the dependence of pulse amplitudes on cortisol concentrations at t 0 . The intraclass correlation of individual time series amounted to intraclass correlation = 0.81. Cortisol trajectories of responders (separated by experimental protocol) and nonresponders are depicted in Figure 4 . Table 2a shows the results of the comparison of the modelbased classifications and response class allocation based on the proposed classifiers (rBPi, %BPi, tBPi, and tBPi a ). Table 2b illustrates classifier performance for discriminating between the experimental intervention (TSST versus placebo TSST). Calculation of Youden indices yielded optimal response thresholds at rBPi = 1.54 nmol/l (J rBPi = 0.897], %BPi = 15.47% (J %BPi = 0.844), and tBPi = 0.14 log(nmol/l) (J tBPi = 0.844), with J rBPi indicating a superior performance of rBPi scores. By contrast, the conventional rBPi = 2.5-nmol/l criterion (13) resulted in worse performance (J = 0.835, falsenegative rate = 16.5%). Furthermore, classifier performance of tBPi could be raised to an extent being comparable with rBPi scores by adjustment for baseline cortisol levels (tBPi a = j0.32, J tBPia = 0.898). This was not the case for baseline adjustments of the %BPi, with %BPi a scores showing a considerably worse performance (J %BPia = 0.762). Although the threshold values of unadjusted classifiers discriminated quite conservatively between responders and nonresponders (i.e., low number of falsepositive classifications), the tBPi a threshold classified at a low rate of false negatives. Figure 5 provides a visualization of the accuracy of response class allocation for the respective classification criteria. Finally, Supplementary Table S1 (Supplemental Digital Content 2, http://links.lww.com/PSYMED/A86) includes the numbers and percentages of responders in each subsample, as determined by the different classification criteria.
Classifier Performance
DISCUSSION
The present report sets out to provide a physiologically plausible statistical model for cortisol stress responses as a basis for the evaluation of different threshold classifier proxies used to detect a salivary cortisol pulse. Our results indicate that the commonly applied 2.5-nmol/l criterion (12,13) is overly conservative and results in a high rate of 16.5% false-negative classifications (i.e., responders being classified as nonresponders). By contrast, lowering this threshold to a baseline-topeak increase of 1.5 nmol/l results in a considerable reduction of false-negative classifications to 9.7% while maintaining virtually no false positives. Other examined classifiers also showed improved performance and may also provide useful proxies, depending on the respective research context.
Using the calculation of Youden indices, the present results indicate that optimal threshold levels for the examined classifiers were seen at baseline-to-peak increases of 1.5 nmol/l for raw data, 0.14 (nmol/l) for log-transformed data, an increase of 15.5% from baseline, or a threshold of j0.32 for the baseline-adjusted increase calculated from log-transformed data (45, 46) . Overall, each of these classifiers performed better in distinguishing between model-assigned responders versus nonresponders than the commonly used 2.5-nmol/l criterion (12, 13) . Of these classifiers, the simplest 1.5-nmol/l criterion provided the most conservative results with only 0.6% falsepositive but 9.7% false-negative classifications. Conversely, the more complex baseline-adjusted log-transformed criterion yielded a somewhat higher false-positive rate of 5.5% but an excellent rate of only 2.1% false-negative classifications. Performance of the unadjusted log-transformed and the percentage increase criterion fell in between these two classifiers. Interestingly, all examined criteria yielded quite similar results with regard to discrimination between experimental protocols (approximately 20% false classifications), which was caused by a substantial fraction of nonresponders to the TSST, and responders to the placebo TSST. 
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In evaluating the practical merit of these examined classifiers, it is important to consider additional factors besides a maximal reduction of false classifications. Specifically, regarding the use of fixed threshold criteria (i.e., all examined classifiers except for the percentage increase), it is crucial to consider that the quantification of absolute salivary cortisol concentrations shows up to 250% variability, depending on the assay used in laboratory analyses (18) . Hence, the absolute threshold values provided in this report need to be adjusted according to knowledge about conversion parameters between different assays. The present 1.5-nmol/l criterion is based on salivary cortisol data determined by the IBL chemiluminescence immunoassay. This translates into approximately 0.6 nmol/l if a mass spectrometric method would be used, 1 nmol/l for the Salimetrics immunoassay, or 0.85 nmol/l for the DELFIA immunoassay (see Ref. (32)). This dependence of fixed threshold values on the analytical technique may restrict the use of these classifiers if less common commercial or in-house assays are used for which no conversion formulae are available. Here, the %BPi might serve as a convenient alternative classifier, which does not rely on knowledge about conversion functions between assays. 3 Another interesting aspect of the current findings concerns the dependence of increase measures on baseline values (i.e., the LIV; e.g., Ref. (19) , which was found to be present in the log transformed and percentage, but not in the rBPi. Importantly, this reported LIV was completely driven by the way of change score calculation and should be accounted for whenever statistical analyses are based on such scores. The failure of raw increase scores to display the expected LIV could be related to the fact that experiments were conducted in the afternoon where the frequency naturally occurring ultradian cortisol pulses is relatively low. This may have resulted in a relatively low variance of baseline concentrations and thus reduced power to detect influences on stress-induced cortisol secretion. Furthermore, it is likely that at some occasions, the ultradian-and stress-induced secretory episodes overlapped (i.e., the steep rise of rBPi scores in Figure 1B ; cf. Ref. (50) ) which would mask any linear LIV effect. Consistent with this reasoning, we observed a significantly lower mean increase of cortisol levels in response to the placebo stressor we administered.
A potential limitation of the present research relates to the fact that the evaluation of all classification thresholds relied on the validity of the fitted ALT mixture model. However, the validity of this model is supported by two strands of evidence. First, from a statistical perspective, model validity is indicated by high fractions of variance coverage across all sampling points. Second, physiological validity arises from its structure: in contrast to previous research trying to model cortisol secretion in response to stress by growth curve modeling (51, 52) , our model embeds kinetic properties of cortisol more adequately and in a more parsimonious way. Specifically, the need for an explicit incorporation of two presumably redundant growth factors depicting overall baseline cortisol and cortisol regulation, which has been used by previous research (51, 52) , is bypassed through the use of a change score parametrization (see Ref. (26)). 4 This is consistent with approaches considering 3 As an interesting observation, the estimated percentage baseline-to-peak threshold of 15.5% would mark the upper bound of the 95% confidence interval of measurement, given the reported interassay coefficient of variance of approximately 8%. This finding neatly adds to methodological research, which has also considered measurement variation as a criterion for pulse detection in endocrine time series (49) . 4 One feature of ALT modeling is to predict the residual variance of any point in time t n by the residual variance of its precursor t n j 1 . Because change scores are calculated by $t = t n j t n j 1 , such an autoregression equation t n = A * t n j 1 can be rearranged to $t = (A j 1) * t n j 1 , which corresponds to a common change score regression (53) . Figure 5 . Accuracy of response class allocation based on the proposed classifiers plotted against the chosen classifier threshold. White circles mark classifier thresholds with best performance according to Youden indices. The solid circle marks the deprecated classification criterion of rBPi = 2.5 nmol/l (12, 13) . rBPi = baseline-to-peak increase, calculated from raw concentrations. To view image in color, please visit: www.psychosomaticmedicine.org. TSST = Trier Social Stress Test; rBPi = baseline-to-peak increase, calculated from raw concentrations; %BPi = percentage increase of concentration from baseline to peak; tBPi = baseline-to-peak increase, calculated from log-transformed concentrations. For reasons of clarity, false-positive and false-negative classifications are indicated by italic font.
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the HPA axis to be a dynamic endocrine system that is subject to continuous elimination and occasionally occurring secretory episodes (54) . Therefore, distinct cortisol measurements of many subjects at any time point t n do not depict hormone levels at a (conditional) interindividually varying baseline, but rather (conditional) ''resting-state'' HPA activity across the whole sample. As such, it is not surprising that our ALT mixture model detected cortisol pulses in 37.4% of all participants, who were supposed to encounter a nonstressful intervention (i.e., the placebo TSST) (8) , during the period (t 0 -t 3 ) that was most relevant for modeling of stress-induced pulses (cf. Ref. (24) ; mean intersecretory pulse interval = 77 minutes). Proceeding from this reasoning, it is crucial to consider that stressinduced HPA activity cannot be separated from regular ultradian HPA activity by utilization of any classifier (10). Thus, even less effective stressors might exhibit some (mean) systematic rise of cortisol concentrations after stress cessation, which is only partially caused by actual stress-related increase and may impose restrictions on statistical power to detect any functional effects of stress. Given the challenges associated with the reliable detection of cortisol pulses, one could argue that researchers interested in comparing cortisol stress responding between different groups may completely omit a ''responder versus nonresponder'' distinction and solely rely on the assessment of group mean hormone concentrations. However, here it is important to note that the result of elevated group mean stress responses may arise from either a) an increased magnitude of cortisol secretion or, alternatively, from b) an increased number of responders compared with nonresponders. For example, it is conceivable that two groups may show identical mean cortisol profiles (although with different variances) but that for one group, these stem from a small number of individuals showing extreme stress responses (whereas the remaining individuals do not respond at all), whereas for the other group, all individuals respond consistently at a moderate level. For many research questions in the areas psychosomatic medicine or psychoneuroendocrinology, it may be crucial to obtain such fine-grained distinctions between profiles. For this, we believe that the present statistical model or classifier proxies may provide a valuable approach, which can be implemented more conveniently as compared with previously proposed methods to detect secretory episodes (e.g., Refs. (31, 55, 56) ).
Finally, potential limitations of the present research concern restrictions in the generalizability of the proposed classifier proxies to other research contexts besides acute stress responding. This may include study designs investigating patterns of circadian cortisol secretion, for example, the cortisol awakening response, or examining unsystematically encountered, naturalistic stressors without clear phase synchronization. Although the present study could not experimentally show that the identified threshold criteria are transferable to such designs, an argument in favor of this interpretation is that our results, as well as others (e.g., Ref. (49)), suggest that a major factor for the reliable identification of hormone pulses relates to the measurement error of the underlying assay. Because this error would be assumed to be largely independent of specific experimental conditions, it should be expected that our proposed classifier proxies also provide accurate results in other research contexts being carried out within a comparable range of cortisol levels (i.e., approximately 3Y30 nmol/l).
In conclusion, variants of change score-based classifiers, particularly the 1.5-nmol/l rBPi criterion, have been shown to serve as easily applicable and relatively accurate proxies to detect cortisol pulses in experimental designs involving the induction of acute stress in laboratory settings. Furthermore, the proposed classifiers may also provide useful proxies for cortisol pulse detection in other research contexts (e.g., assessment of cortisol awakening responses). However, further direct investigation in such research is necessary to confirm this point. In addition, it also needs to be stated that any of these classifiers can only serve as a convenient heuristic. More accurate class allocation could be performed by statistical modeling. In these terms, the ALT mixture approach proposed in this report might be of value, unless sample size or the number of specimen taken per participants restricts its applicability.
